This study examines the effects of CEO equity-based compensation and anti-takeover provisions on corporate innovation. Using a large sample of US firms over the period 1996-2014, we find that long-term incentives have a stronger influence on innovation when combined with takeover threats. We also show that equity-based compensation is more likely to spur innovation for small firms and firms in industries with high product market competition and innovation pressure. However, this effect is somewhat weaker in the presence of anti-takeover provisions, suggesting that takeover protection encourages managerial shirking even when external competition is high. Finally, in addition to the existing evidence on the valuation effect of CEO equity-based compensation, we identify innovation as an important channel through which managerial incentives can enhance firm value. Our results have potential implications for shareholders, managers and policymakers.
Introduction
Corporate innovation is the process of developing new technology, practice and strategy that increase firm value. It is the key to a firm's long-term competitiveness and sustainability (Romer, 1987 (Romer, , 1990 , especially in highly competitive industries (Adams, 1990) . However, investment in innovation is risky and time-consuming, as it involves exploring new and untested approaches that are likely to fail (Manso, 2011) . For this reason, risk-averse managers often opt for routine operations rather than innovation (March, 1991) . Identifying new ways to motivate these managers to invest more in innovation is of critical importance not only to firm survival, but also to the competition between nations (Solow, 1957) . In this study, we aim to investigate whether takeover protection affects the ability of long-term managerial incentives to spur innovation and whether managerial incentives affect firm value through innovation.
Several studies argue that managerial compensation schemes, such as executive stock options, will promote innovation because the value of equity-based compensation depends largely on the long-term performance of the firm (Kim, Patro and Pereira, 2017; Lerner and Wulf, 2007) . However, such incentives alone may not be sufficient to guarantee engagement in innovation, as equity-based compensation can increase the sensitivity of a manager's portfolio to their firm's stock price movements (Low, 2009; Ross, 2004) . Risk-averse managers also would not invest in innovation when a takeover threat is imminent, as the expected payoff from such investment is long-term and highly uncertain (Shleifer and Summers, 1988 ) and the market is often myopic (Ali, Ciftci and Cready, 2012; Martin, 2012) .
Thus, while equity-based incentives can protect managers from market myopia (Thanassoulis, 2013) , they cannot provide safeguards against opportunistic takeovers, which target underpriced firms (Humphery-Jenner, 2014) . Furthermore, Stein (1988) argues that, due to the unforeseeable 2 K. Mazouz and Y. Zhao nature of innovation, the market may undervalue R&D-intensive firms. Thus, without appropriate protection, equity-based compensation may not provide managers with sufficient incentives to engage in innovation. Manso (2011) formalizes this view and develops a theoretical model in which motivating managers to engage in innovation requires compensation schemes that reward long-term success and offer protection from early failure. However, the principal-agent model views takeover threats as a market-monitoring device that deters managerial shirking (Jensen and Meckling, 1976) . Thus, any attempt to protect managers from market discipline may undermine their incentive to act in the interests of shareholders (Jensen and Murphy, 1990) . In the context of innovation, a reduction in takeover threats would allow managers to receive high compensation without investing in risky projects. Thus, in the presence of anti-takeover provisions, equity-based compensation may have a weak or even a negative effect on innovation.
In addition to the literature on the link between incentives and innovation, several studies show that equity-based compensation can increase firm value (Conyon and Freeman, 2004; Sun, Cahan and Emanuel, 2009 ). However, the channels through which incentives affect firm value are not yet well understood. In this study, we are interested in whether equity-based compensation can create value through its effect on innovation. Prior research on the impact of innovation on firm value is also muddled. Some studies argue that innovation yields better performance (Bayus, Erickson and Jacobson, 2003; Pauwels et al., 2004) , while others suggest that innovation does not add value (Foster and Kaplan, 2011) . In an attempt to clarify the apparent contradictions between these studies, Sorescu and Spanjol (2008) classify innovations into breakthrough and incremental and argue that the former is more likely to generate economic rents and enhance firm value. Risk-averse managers may avoid innovations that increase risk, even when such innovations generate economic rents. This is because the increased risk may endanger the firm's survival and have negative consequences on managers. Thus, equity-based compensation can enhance firm value by motivating managers to act in the shareholders' interests and prioritize investments in innovation with potential economic rents.
In summary, this study attempts to enhance our understanding of the role of managerial incentives and takeover protection in the value-creation process and contributes to the literature by answering the following questions: Does the effect of managerial incentives on innovation depend upon the extent to which managers are protected from the takeover pressure? And do managerial compensation schemes affect firm value through innovation? We investigate these questions empirically using a large sample of US firms. We find that carefully designed incentives can simulate innovation better when used in conjunction with market discipline. We also find overwhelming evidence that takeover protection has a positive direct effect and a negative moderating effect on innovation, with the effects being generally more pronounced for small firms and firms in highly competitive industries. Finally, we show that innovation outcome partially mediates the positive effect of equity-based compensation on firm value. This evidence suggests that managers who are compensated by share-based plans can increase their wealth by investing in innovative projects with the potential to generate economic rents.
Our contribution to the literature is threefold. First, unlike the extant literature that tends to treat incentives and takeover protection as independent determinants of innovation (Atanassov, 2013; Lerner and Wulf, 2007) , we argue, and provide evidence, that these two determinants are interrelated and the ultimate effect of incentives on innovation depends on the presence of antitakeover provisions. Second, prior studies present two conflicting views on the relationship between takeover protection and innovation. On the one hand, takeover protection can mitigate managerial myopia and encourage managers to invest in longterm projects, such as innovation (Manso, 2011) . On the other hand, insulating a firm from takeover threats can lead to managerial entrenchment and underinvestment in risky activities, including R&D (Jensen and Meckling, 1976; Jensen and Murphy, 1990) . We contribute to this debate by showing that these two effects coexist and the overall impact of takeover protection on innovation reflects the relative strength of each effect, which, in turn, depends on the nature of the managerial compensation schemes adopted by the firm. Finally, while several studies document a positive relation between incentives and innovation, the channels through which incentivized managers improve firm value are not well understood. In this study, we argue, and provide supporting evidence, that compensation packages which align the managers' and shareholders' objectives create value by motiving managers to engage in innovative projects with the potential to generate economic rents.
The remainder of the paper is organized as follows. The next section outlines our theoretical framework and develops our hypotheses. Then, data and empirical methodology are presented. We discuss our results, then report additional results and robustness checks before concluding.
Theory and hypotheses

Theoretical background
Innovation is an experimental and risky process, which often involves significant resources, long investment periods and highly uncertain outcomes (Holmstrom, 1989) . Because of the risks involved in exploration activities, risk-averse managers tend to dislike investment in innovation and opt for other projects with lower costs, shorter time spans and more predictable outcomes. This underinvestment in innovation may, in turn, have a detrimental effect on the firm's competitive position and its market value.
From an agency perspective, Baker, Jensen and Murphy (1988) argue that internal incentives determine how managers behave. Managers may be reluctant to invest in innovation unless they are adequately compensated for doing so (Eisenhardt, 1989; Sanders and Hambrick, 2007) . In a theoretical model, Manso (2011) shows that the standard principal-agent contract motivates managers to repeat routine activities rather than engage in innovation. To address this problem, Manso (2011) argues for the use of incentive schemes that reward long-term success. An experimental study by Ederer and Manso (2013) also confirms the importance of such schemes in stimulating innovation. Manso's (2011) theoretical framework suggests that another essential element to motivate innovation is tolerance of failure. He argues that because of the risky and opaque nature of R&D investments, investors may undervalue R&D. This, in turn, may increase the exposure of R&D-intensive firms to takeover threats. Shleifer and Summers (1988) also argue that acquirers can make risk-free profit from targets that invest heavily in innovation. In a similar vein, Ali, Ciftci and Cready (2012) show that shareholders underestimate the future benefits of R&D investments, making R&D-intensive firms easy takeover targets. Takeover threats, in turn, may lead managers to focus more on short-term profits rather than long-term objectives. Gillan, Hartzell and Parrino (2009) also find that comprehensive and explicit employment agreements are more popular when the work relationship is at risk of termination. Humphery-Jenner (2014) and Manso (2011) argue that one way to overcome managerial myopia and induce investment in innovation is by ensuring that incumbent managers are entrenched enough to retain their jobs in the face of hostile takeovers. To put it differently, it is reasonable to argue that some degree of job protection is required to align managers' innovation decisions with shareholders' objectives.
However, moral hazard models suggest that takeover protection can be detrimental to innovation. Specifically, without monitoring, managers can prioritize their own interests over the interests of shareholders (Masulis, Wang and Xie, 2009 ). The lack of discipline allows risk-averse managers to focus on routine activities with quicker and safer returns rather than activities which maximize shareholder value (Jensen, 1988; Jensen and Ruback, 1983) . In other words, entrenched managers are less likely to engage in risky activities, such as innovation, when they are protected from takeover pressure.
As the effect of takeover protection on innovation is inconclusive, we attempt to investigate the potential moderating role of takeover protection in the relationship between incentives and innovation (see Figure 1) . We expect incentives to promote innovation and protection to either strengthen or weaken this effect, depending on whether tolerance for failure motivates managers to pursue innovation or leads them to prioritize their own interests over the interests of shareholders. More specifically, compensation schemes that reward long-term success may not be sufficient to motivate risk-averse managers to engage in innovation, as innovative projects are inherently risky and tend to be undervalued by the market (Thanassoulis, 2013) . Thus, investing in such projects may increase the firm's riskiness and its exposure to takeover threats. This implies that if anti-takeover provisions can protect managers from the negative consequences of hostile takeover, such provisions would have a positive moderating effect on the relationship between equity-based incentives and innovation. However, if the reduction in takeover threats promotes managerial shirking by allowing managers to receive high compensation without investing in risky innovative projects (Jensen and Meckling, 1990) , we would expect the takeover protections to negatively moderate the impact of incentives on innovation.
In addition to the direct effect of equity-based compensation on firm value (Jensen and Meckling, 1976; Palmon et al., 2008) , incentives may also affect firm value indirectly through innovation. Existing evidence on the impact of innovation on firm value is largely mixed. Some studies find that innovation enhances performance (Bayus, Erickson and Jacobson, 2003; Pauwels et al., 2004) , whereas others suggest that innovating is detrimental to firm value (Foster and Kaplan, 2011) . In an attempt to reconcile the diverging evidence, Sorescu and Spanjol (2008) argue that innovation can only create value if it helps the firm to generate economic rents. Since innovative projects with the potential to generate economic rents tend to be highly risky (Sorescu and Spanjol, 2008) , compensation packages that align managers' interests with those of shareholders would be required in order to motivate managers to invest in such projects. Therefore, we expect innovation to (partially) mediate the relationship between managerial incentives and firm value.
Hypothesis development
Incentives and innovation. The link between executive compensation and firms' investment strategies, such as R&D, has been widely investigated in the literature (Chang et al., 2015; Sanyal and Bulan, 2010) . Several studies report a significantly positive association between equity-based compensation and R&D expenditure. Kim, Patro and Pereira (2017) show that executive stock options increase the sensitivity of CEOs' wealth to their firms' stock volatility and promote investment in risky projects. Similarly, Kini and Williams (2012) find that higher tournament incentives motivate senior managers to take more risks in order to increase their chance of promotion to the rank of CEO. Lerner and Wulf (2007) also show that longterm managerial incentives result in greater R&D output. Similar results are obtained by Sanyal and Bulan (2010) , who document a positive association between long-term managerial incentives and both patents and citations to patents.
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To sum up, existing studies generally suggest that long-term incentive plans promote innovation. Therefore, we hypothesize that:
H1: Firms that use more long-term incentives in their CEO compensation plans are more likely to engage in innovation.
The moderating effect of protection. It is commonly argued that carefully designed incentive schemes, such as equity-based compensation, can alleviate possible conflicts between shareholders and managers and motivate managers to engage in risky activities (Francis, Hasan and Sharma, 2011; Lerner and Wulf, 2007) . However, while equitybased compensation rewards long-term success, it may not be sufficient to induce risk-averse managers to invest in innovation (Ederer and Manso, 2013; Manso, 2011) . This is because investing in innovation is a long and costly process, which can leave a firm financially vulnerable, severely harm its reputation and put it at a strategic disadvantage relative to its competitors. Evidence also shows that the risk of becoming a takeover target can inhibit a firm's R&D activity (Narayanan, 1985; Pugh, 1992) . Thus, firms that are interested in stimulating innovation should not only reward long-term success, but also discourage the myopic behaviour of managers by protecting them from takeover pressure. In other words, we expect long-term managerial incentives to have a stronger impact on innovation in firms with more antitakeover provisions. Hence, we hypothesize that:
H2a: The effect of CEO incentives on innovation is positively moderated by takeover protection.
However, academic research has not reached a consensus on the relationship between takeover protection and innovation. DeAngelo and Rice (1983) argue that takeover threats serve as a disciplinary device that forces managers to engage in value-maximizing activities (Jain, 2012; Mahoney, Sundaramurthy and Mahoney, 1997) . Thus, anti-takeover provisions may encourage managerial entrenchment and undermine the ability of long-term managerial incentives to promote innovation. In other words, protection from takeover threats may allow managers to receive high compensation without engaging in risky innovative projects. More formally:
H2b: The effect of CEO incentives on innovation is negatively moderated by takeover protection.
Innovation and firm value. Many studies show that innovation has a significantly positive effect on firm value (Camisón and Villar-López, 2014; Toivanen, Stoneman and Bosworth, 2002) . However, others argue that innovation has little or no effect on firm value (Foster and Kaplan, 2011; Geroski, Machin and Van Reenen, 1993) . Sorescu and Spanjol (2008) argue that these apparently conflicting findings reflect the differences in types of innovation that firms go after. They argue that incremental innovations can easily be imitated by competitors and do not generate competitive advantage for firms, whereas breakthrough innovations, which are often protected by patents, can effectively augment a firm's position in market competition. They also argue that breakthrough innovations tend to increase firm riskiness, but generate economic rents. This type of innovation may therefore appeal to shareholders, who would be more than compensated for the additional risk, but not to managers, as the increase in risk may endanger the firm's survival and have negative consequences on managers and other stakeholders.
Thus, without adequate rewards for taking additional risks, managers are less likely to invest in risky innovative projects even when such projects have the potential to generate economic rents. Since appropriately designed incentives are shown to alleviate possible conflicts between shareholders and managers (Francis, Hasan and Sharma, 2011; Lerner and Wulf, 2007) , such incentives can also motivate CEOs to invest in value-creating projects, including innovation. More specifically:
H3: The positive effect of CEO incentives on firm value is (partially) mediated by the firm's innovation performance.
Data and descriptive statistics
Our initial sample includes all US firms listed on AMEX, NYSE or NASDAQ over the period 1996-2014. We chose 1996 as the start of our sample because it was the earliest we could retrieve compensation and financial data with sufficient quality. We downloaded the financial data from Compustat, corporate governance, board characteristics and executive compensation data from Execucomp, takeover protection data from ISS (formerly Riskmetrics) and patent and citation data from the NBER patent citation database, which is based on the USPTO Patent and Citation Data. 2 After removing financial firms and firms with missing values, we winsorized all the variables at the 1st and 99th percentiles to mitigate the influence of extreme observations. The sample used in the regression analysis contains 15,586 firm-year observations for 1,932 unique firms.
We use both input-and output-oriented measures of innovation. We use the value of R&D investment scaled by total assets to capture the R&D intensity (He and Tian, 2013; O'Connor and Rafferty, 2012) . However, R&D intensity as a measure of R&D activity has a number of drawbacks. First, it is not always clear whether the recorded R&D expenses truly reflect investment 6 K. Mazouz and Y. Zhao in innovation (Chambers, Jennings and Thompson, 2003) . Second, not all R&D investments result in innovation. Just as corporate assets may be wasted through empire building, so too may misconducted R&D investments generate little value but cost shareholders dearly. Hence, it is important to investigate the outcome of the R&D process. Following others, we evaluate a firm's R&D productivity via the number of patents it has successfully applied for. Since years of R&D investment are required before a patent application can be submitted, we match the number of patent applications to other control variables of the previous two years. 3 Besides the number of patents, the quality of patents is also an important measure of innovation. Patents with high value can receive more citations over time than minor innovations. Thus, we use the number of non-self-citations received by all patents that a company has developed in a year to quantify the value of patents acquired by the company in that year. Since citation data suffer from a truncation problem (Hall, Jaffe and Trajtenberg, 2001) , we adjust the number of citations according to the estimated citation distribution based on industry and year.
4 Table 1 reports the descriptive statistics for the variables used in the sample. Most firms in our sample do not have R&D expenditure. The average R&D-to-total assets ratio is 5.8%. We evaluate a firm's innovation productivity by the number of patents and citations it obtained in a given year. Both measures are highly skewed, as most firm-years in our sample record zero patents and citations. Our analysis indicates that, on average, firms develop 1.4 patents and receive 15 citations every year.
Following others (Francis, Hasan and Sharma, 2011; Lerner and Wulf, 2007) , we define long-term CEO incentives (incentive) as the percentage of equity-based compensation (i.e. restricted stocks, stock options and long-term incentive plans) in the total compensation. Because of the stock options' unique focus on long-term performance (Hall and Murphy, 2002) , we also use the percentage of stock options in total compensation as an alternative measure in the robustness analysis. Table 1 presents the statistics of the total compensation (in thousands of US dollars), the percentage of equity-based compensation and the percentage of stock options in total compensation. It shows that 57.9% of the total CEO compensation is paid in the form of equity or equity-related compensation, with stock options having greater value than restricted stock and other long-term incentive plans. In untabulated results, we find that CEO compensation in the US market has increased substantially over the sample period, with two temporary setbacks in 2001 and 2007, and that the percentage of equity-based compensation increased steadily from 38% in 1996 to 74% in 2014.
To measure the extent to which managers are protected from market discipline (protection), we construct an index that reflects their firm's use of anti-takeover provisions, such as classified boards, dual-class shares, super-majority voting, unequal voting rights, confidential voting, cumulative voting, poison pills, golden parachutes and fair price provision. Similar to Atanassov (2013) , Chemmanur and Tian (2017) and Jain (2012) for each firm in a given year, we give a score of one to each provision that increases the difficulty of replacing the incumbent management (e.g. poison pill) or strengthens managerial entrenchment (e.g. absence of cumulative voting), and zero otherwise. We then sum up the scores to construct a measure for a firm's overall takeover protection in that year. This measure takes values from zero (for the least protected firms) to eight (for the most protected firms). Table 1 shows that the majority of the sample firms score between three and five.
5 Table 1 also reports the descriptive statistics of the various variables used in our regressions. Our set of control variables consists of the well-known determinants of innovation, including return on assets (ROA), Tobin's Q, CEO tenure, capital expenditure ratio, tangibility, financial constraints (Kaplan and Zingales, 1997) , institutional ownership (Choi, Park and Hong, 2012) , leverage (Zhang, Chen and Feng, 2014) , total assets and financial analysts' coverage (He and Tian, 2013) . A detailed definition of these variables is provided in the Appendix and their correlation matrix is 5 In the early period of the sample, corporate governance data is recorded once in every two years. We interpolate the CG index for the missing years. This explains the larger sample size of the CG index than individual provisions. reported in Table 2 . The highest correlation (of 0.69) is between capital expenditure ratio and tangibility; all other correlations are below 0.5. The rightmost column of Table 2 reports the variance inflation factor (VIF). The highest value for the VIF is 3.19, which is much smaller than the benchmark of 10 for severe multicollinearity.
Methodology
We use two-stage least squares (2SLS) and simultaneous equations to examine the impact of incentives, protection and their interaction on innovation. We argue that these methods are better suited to our analysis than the standard ordinary least squares (OLS), mainly because of endogeneity concerns. Specifically, the associations between R&D, incentives and protection may reflect causalities other than those described in the hypothesis development section. For example, the decision to invest in R&D is linked to firm performance, which may in turn affect the CEO's compensation package (Sanyal and Bulan, 2010) . Chemmanur and Tian (2017) also argue that takeover protection and innovation policy may be simultaneously determined. For example, hidden factors, such as the risk aversion of top management, may affect both protection and innovation, as risk-averse CEOs may choose to invest very little in R&D and convince the board to install more takeover protection. The 2SLS model is estimated by first regressing incentive and protection against all the control variables discussed in the above section and the instrumental variables discussed below (first stage). Then, we use the predicted values of incentive and protection from the first stage as the This table presents the correlation of the explanatory variables. The main independent variables are CEO incentives, defined as the proportion of equity-based compensation in total compensation, and takeover protection, measured by a corporate governance (CG) index, which reflects firms' use of anti-takeover provisions, including classified boards, dual-class shares, super-majority voting, unequal voting rights, confidential voting, cumulative voting, poison pills, golden parachutes and fair price provision. Other control variables are return on assets (ROA), Tobin's Q, CEO tenure (in years), capital expenditure-to-total assets ratio (Capital exp), percentage of fixed assets-to-total assets ratio (PPE), Kaplan and Zingales index (KZ index), institutional shareholding percentage (Institutional shareholding), number of analysts following the company (Analysts coverage), debt-to-total assets ratio (Debt ratio) and total assets (Firm size). A detailed definition of all the variables used in our analysis is provided in the Appendix. 
Following Kini and Williams (2012) , we use the industry median of the proportion of equitybased compensation in the total CEO compensation package as the instrument for CEO incentives. A firm's compensation size and structure may well be related to other firms in the same industry, but it is unlikely that the industry-level compensation would have a direct effect on the firm's innovation strategy. Following Humphery-Jenner (2014), we use state-level protection, the anti-takeover provisions in the state law and industry-level protection as instruments for a firm's takeover protection. Given the legal setting in the USA, firms in the same state tend to have similar takeover defences. Likewise, as takeover activities are industry specific, firms in the same industry face similar takeover threats. However, while state laws and industry patterns may shape a firm's protection, they should have no direct effect on its R&D process.
We realize that some of the independent variables in our study might be related to one another. For instance, Buchholtz and Ribbens (1994) show that the resistance to takeover is negatively related to the CEO's stock ownership. In order to address this issue, we use a simultaneous equation framework in which innovation, incentive and protection are assumed to be jointly determined. In this framework, each endogenous variable in the system (innovation, incentive and protection) is first regressed on the relevant instruments and control variables and then their predicted values are computed. 6 The instruments for incentives and protection remain the same as in the 2SLS models above. Following Kini and William (2012) , we use industrial average R&D intensity as the instrument for a firm's R&D intensity. The simultaneous equations are:
innovation i,t = α 0 + β * predicted incentive i,t + β * predicted protection i,t + β * predicted incentive i,t * × protection i,t +β * control variables i,t + year dummy i,t + industry dummy i,t
incentive i,t = α 0 + β * predicted innovation i,t + β * predicted protection i,t + β * control variables i,t + year
protection i,t = α 0 + β * predicted incentive i,t + β * predicted innovation i,t + β * control variables i,t + year
All the above models include year and industry dummies to control for time and industry fixed effects and all estimates are based on robust standard errors clustered at firm level.
Results
Incentives, protection and innovation
The Durbin-Wu-Hausman test suggests that incentive and protection are endogenous (not tabulated). To mitigate the endogeneity concerns, we use both 2SLS and simultaneous equations. As explained earlier, we use multiple instruments for the endogenous variables in the first stage of the 2SLS model. The Kleibergen-Paap test and the CraggDonald-Wald F-test show that our selected instruments are individually and jointly related to the endogenous variables with strong significance; the (2)), simultaneous (Column (3)) and fixed-effects (Column (4)) regressions of innovation intensity on CEO incentives and takeover protection. The dependent variable innovation is measured by R&D-to-total assets ratio. The main explanatory variables are CEO incentives, defined as the proportion of equity-based compensation in total compensation, and takeover protection, measured by a corporate governance (CG) index, which reflects firms' use of anti-takeover provisions, including classified boards, dual-class shares, super-majority voting, unequal voting rights, confidential voting, cumulative voting, poison pills, golden parachutes and fair price provision. Other control variables are return on assets (ROA), Tobin's Q, CEO tenure (in years), capital expenditure-to-total assets ratio (Capital exp), percentage of fixed assets-to-total assets ratio (PPE), Kaplan and Zingales index (KZ index), institutional shareholding percentage (Institutional shareholding), number of analysts following the company (Analysts coverage), debt-to-total assets ratio (Debt ratio) and total assets (Firm size). A detailed definition of all variables used in our analysis is provided in the Appendix. Statistical significance is based on the heteroscedasticity robust firm-clustered standard errors reported in parentheses. *** , ** and * indicate significance at 1%, 5% and 10% levels, respectively. a F scores are reported in Columns (1) and (2). Overall R-squared is reported in Column (4). We do not report R-squared for 2SLS regressions since, with the use of instruments, the residual sum of squares is no longer constrained to be smaller than the total sum of squares. Therefore, it is possible to have negative R-squared and R-squared does not have the same meaning for goodness-of-fit as in OLS regressions.
Hansen's J-test suggests that our instruments are uncorrelated with the error term. 7 Occasionally, Hansen's J-test rejects the null hypothesis that the instruments are uncorrelated with the error term. In this situation, we adjusted the set of instruments by Table 3 reports the results from the 2SLS (Eq. (1)) and simultaneous equations framework (Eqs (2) to (4)). Columns (1) and (2) present the 2SLS estimates with R&D expenditure as the innovation removing anti-takeover provisions in the state law and/or industry average level of protection. measure. Column (1) shows that a firm's R&D expenditure is significantly positively associated with the percentage of equity-based compensation in its CEO's compensation package. This finding is consistent with Kini and Williams (2012) and Xue (2007) , and supports H1.
Column (2) reports the results with incentive, protection and their interaction as the main explanatory variables in Eq. (1). The effect of incentive on R&D expenditure is both statistically and economically significant, with a one-standarddeviation increase in equity-based compensation resulting in a 7.7% (i.e. 0.268 × 0.286) increase in R&D ratio. However, the effect of protection on R&D is insignificant and the interaction between incentive and protection is significantly negative, implying that takeover protection weakens the positive effect of incentives on innovation. In economic terms, one additional anti-takeover provision reduces the effect of incentives on innovation by 15.3% (i.e. 0.041/0.268). The 2SLS results confirm that equity-based compensation motivates CEOs to invest more in R&D. We also show that when CEOs are protected against takeover threats, they tend to avoid investing in R&D. The diminishing effect of incentive on innovation in the presence of protection is consistent with the prediction of H2b, but not with that of H2a.
In line with Mazzola, Perrone and Kamuriwo (2016), we also plot the moderating effect in Figure 2 . The low protection line shows the effect of incentives on innovation when protection is weak (i.e. below median), while the high protection line presents the effect of incentive on innovation when protection is strong (i.e. above median). Figure 2 confirms that incentives have stronger effects on innovation when protection is low.
Similar results are obtained when incentive, protection and R&D are assumed to be determined in a system of equations (see Column (3), but with protection having an insignificant moderating effect) and when firm fixed effects are considered (Column (4)). As for the control variables, we find that firms with better accounting performance (ROA) invest less in R&D. We also find that CEOs with longer tenure invest more in R&D. This result is consistent with the 'career concern' argument of Barker and Mueller (2002) , who maintain that the longer the CEO is in position the less myopic she becomes.
8 Tobin's Q is positive and significant, implying that firms with strong performance invest more in R&D. Companies with larger institutional ownership invest less in R&D, consistent with the findings of Choi, Park and Hong (2012) and Tribo, Berrone and Surroca (2007) . Finally, consistent with the literature (He and Tian, 2013; Kini and Williams, 2012) , we show that smaller firms with less fixed assets, less leverage and more analyst coverage spend more on innovation.
In Table 4 , we show that a firm's expenditure on R&D is correlated with both CEO compensation and takeover protection. However, a firm's decision to conduct and disclose R&D may not be random and may be driven by the same factors that affect incentives and protection. To resolve this potential selection bias, we apply a Heckman two-stage selection model. In the first stage, we regress a treatment variable, which equals one if a firm has reported positive R&D spending and zero otherwise, on the explanatory variables included in Eq. (1). In the second stage, we regress R&D expenditure on the same set of explanatory variables and the inverse Mills ratio from the first stage. The result of the second stage confirms our earlier finding that incentives stimulate R&D spending 8 It is also possible to argue that CEOs with longer tenure are more likely to be awarded with equity-based compensation and may therefore have more opportunity to engage in R&D. We test this by replicating Table 3 using a subsample of CEO of short tenure (less than the median of five years). We show that the relation between incentives and innovation is not driven by CEOs with longer tenure. (1) to (3)) and the number of citations received on patents (Columns (4) to (6)). The main explanatory variables are CEO incentives, defined as the proportion of equity-based compensation in total compensation, and takeover protection, measured by a corporate governance (CG) index, which reflects firms' use of anti-takeover provisions, including classified boards, dual-class shares, super-majority voting, unequal voting rights, confidential voting, cumulative voting, poison pills, golden parachutes and fair price provision. Other control variables are return on assets (ROA), Tobin's Q, CEO tenure (in years), capital expenditure-to-total assets ratio (Capital exp), percentage of fixed assets-to-total assets ratio (PPE), Kaplan and Zingales index (KZ index), institutional shareholding percentage (Institutional shareholding), number of analysts following the company (Analysts coverage), debt-to-total assets ratio (Debt ratio) and total assets (Firm size). A detailed definition of all variables used in our analysis is provided in the Appendix. Statistical significance is based on the heteroscedasticity robust firm-clustered standard errors reported in parentheses. *** , ** and * indicate significance at 1%, 5% and 10% levels, respectively. a F scores are reported in Columns (1), (2), (4) and (5). Pseudo-R-squared is reported in Columns (3) and (6).
and this relationship is weaker in the presence of takeover protection.
9 Table 4 reports the results of the 2SLS and Poisson equations with patents and citations as innovation measures. We use the logarithm of the number of patents (Columns (1) and (2)) and citations 9 Estimation results can be found in Table A of the Internet  Appendix. (Columns (4) and (5)) in t + 2 as the innovation measures. We find that firms with more equitybased compensation develop more patents and have more citations, consistent with H1. Moreover, the interaction terms in Columns (2) and (5) are negative, indicating that takeover protection weakens the positive effect of incentives on innovation (consistent with H2b). Figure 3 also shows that the effect of incentives on patents and citations can turn negative when the firm is well protected, suggesting that managers tend to underperform in innovation productivity when they are insulated from takeover pressure.
Since the original patent and citation data is not continuous, we repeat our analysis using Poisson regressions to treat the number of patents and citations as count variables. We use the twostep GMM estimator with the Poisson regressions in order to tackle endogeneity concerns. The results from the Poisson regressions are similar to those obtained from the 2SLS (Column (3)), except that in the Poisson regressions, incentives and protection do not significantly affect citations (Column (6)).
The results pertaining to the control variables are also largely consistent with the literature (Fang, Tian and Tice, 2014; He and Tian, 2013) . Specifically, we find that firms with strong stock market performance acquire more high-quality patents (measured by citations). Consistent with the results of the R&D intensity, we also find that firms with less fixed assets and less leverage have better R&D productivity. Furthermore, we find that large firms develop better-quality patents. Finally, we report a positive association between analyst coverage and R&D productivity, suggesting that financial analysts serve as external monitors to improve management decisions (Barron, Byard and Yu, 2008; Healy, Hutton and Palepu, 1999) .
Innovation and firm value
To test the mediating effect of innovation on firm value, measured by Tobin's Q in the future periods, we use a stepwise method similar to that in Baron and Kenny (1986) and Xia and Liu (2017) and report the results in Table 5 . Column (1) shows that incentive is a significant predictor of the next period firm value, consistent with Chemmanur and Tian (2017) . In line with our earlier findings, Column (2) of Table 5 shows that incentive is significantly related to the mediator (i.e. the number of patents acquired in the future period). We also show that the independent variable (incentive) and the mediator (number of patents) are positive and significant when both are included in the firm value regression (Column (3)). The estimated coefficient on incentive in Column (3) is lower than its counterpart in Column (1), implying a partial mediation of innovation on firm value. This partial effect suggests that innovation is only one of the many channels through which incentives can affect firm value. We also show that our results are not sensitive to the length of the lag between R&D investment and innovation output (Columns (4) to (6)).
Overall, our findings support H3, which suggests that innovation is essential to the long-term survivability of the firm and can be motivated by higher levels of equity-based incentives in the CEO compensation packages.
Additional analysis and robustness checks
Alternative estimation methods
As a robustness check on our results, we apply structural equation modelling (SEM) to evaluate all relationships presented in Figure 4 in a single framework. 10 Compared to the regression (1) to (3) present the three-step regressions of mediating effects of innovation on firm value in the future (t + 1). Columns (4) to (6) present the three-step regressions of mediating effects of innovation on firm value in the future (t + 2). Control variables for CEO and firm characteristics are included. Statistical significance is based on the heteroscedasticity robust firm-clustered standard errors reported in parentheses. *** , ** and * indicate significance at 1%, 5% and 10% levels, respectively. analysis, which focuses on a limited number of variables and relationships, SEM is able to evaluate multiple model construct relationships simultaneously (Chen, Bharadwaj and Goh, 2017; Iacobucci, 2009 ). We map all hypothesized relationships in a path analysis in Figure 4 . The observed variables, including protection, incentive, innovation intensity and firm value, are presented in rectangles, while innovation productivity, measured by the number of patents and citations, is a latent construct in oval. All control variables are included in SEM, but omitted in Figure 4 for brevity. We use robust standard errors and standardized estimates. The goodness-of-fit statistics indicate satisfactory model fit: the standardized root mean square residual of our model is 0.041, which is below the benchmark of 0.08 suggested by Hu and Bentler (1999) . The path analysis results, which are shown in Figure 4 , confirm our findings in the regression analysis. Specifically, incentives have significantly positive effects on innovation intensity and productivity and such effects are weakened by protection. Innovation productivity contributes to firm value, which, in turn, is positively related to incentives. The covariance between incentives and protection is low and insignificant. Table 6 reports the robustness of our results to alternative measures of managerial incentives and takeover protection. Since the 2SLS method alleviates endogeneity concerns and since the causality issue addressed by the system of equations is less of a concern when examining innovation productivity, we choose to report the 2SLS only. Stock Table 6 . Robustness analysis: alternative measure of incentive and protection
Alternative measure of incentives and protection
(8) This table reports the regression results with alternative measures of innovation, incentive and protection. The measures of innovation are R&D expense, the number of patents and the number of citations. CEO incentives are measured by the proportion of equity-based compensation in total compensation (Columns (5) to (7)), the proportion of stock options in total compensation (Columns (1) and (2)) and the proportion of restricted stock (Columns (3) and (4)). Columns (11) to (13) are based on the median equity compensation of the executive and non-executives on the board (excluding the CEO). Anti-takeover protection is measured by specific anti-takeover provisions: whether the company has a classified board (Column (5)),
whether the company has a golden parachute scheme (Column (6)) and whether the company has fair price provision (Column (7)). In other columns, takeover protection is measured by a corporate governance (CG) index, which reflects firms' use of all anti-takeover provisions. Equity compensation in Columns (8) to (10) is based on board members excluding the CEO. Other control variables, namely return on assets (ROA), Tobin's Q, CEO tenure (in years), capital expenditure-to-total assets ratio (Capital exp), percentage of fixed assets-to-total assets ratio (PPE), Kaplan and Zingales index (KZ index), institutional shareholding percentage (Institutional shareholding), number of analysts following the company (Analysts coverage), debt-to-total assets ratio (Debt ratio) and total assets (Firm size), are also included. A detailed definition of all variables used in our analysis is provided in the Appendix. Statistical significance is based on the heteroscedasticity robust firm-clustered standard errors reported in parentheses. *** , ** and * indicate significance at 1%, 5% and 10% levels, respectively.
options have experienced the most remarkable increase over the sample period and are shown to have a stronger link with the long-term stock price performance than other types of compensation (Ryan and Wiggins, 2002) . We repeat our analysis using the ratio of stock options to total compensation and the ratio of restricted stock granted to total compensation as alternative measures of CEO incentives (Columns (1) to (4) in Table  5 ). Consistent with the earlier results, we report a significantly positive association between the percentage of stock options in total compensation and innovation (Columns (1) and (2)). However, Columns (3) and (4) suggest that the percentage of restricted stock in total compensation is not significantly related to innovation. This evidence is consistent with Ryan and Wiggins (2002) , who argue that options are more effective than restricted stock in providing long-term incentives and offsetting negative outcomes in the case of unsuccessful R&D investments. The signs and significance of the coefficients on protection and the interaction between incentive and protection are consistent with those in Table 4 , indicating that anti-takeover provisions weaken the positive effect of options on innovation. We also replace the incentive measure in the regressions presented in Table 4 with the CEO's pay-for-performance sensitivity (delta) and then with the wealth to volatility sensitivity (vega).
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In unreported results, we find that delta does not affect innovation, consistent with Guay's (1999) argument that higher delta increases managers' risk exposure and lowers the propensity for risk taking. However, the significantly positive association between vega and innovation suggests that the increased sensitivity of CEOs' wealth to stock return volatility helps to align managerial risk-taking behaviour with shareholders' interests (Chang et al., 2015; Coles, Daniel and Naveen, 2006) . We also show that the interaction term between vega and the anti-takeover measures is negatively and significantly associated with innovation, providing further support for the weakening effect of anti-takeover protection (H2b). 11 Following others (Chang et al., 2015; Coles, Daniel and Naveen, 2006) , we define delta as the dollar change in the CEO's wealth for a 1% change in stock price and vega as the dollar change in the CEO's wealth associated with a 1% change in standard deviation of stock returns. 12 Further details on these analyses are available upon request.
Next, we investigate whether some protection measures are more effective than others in motivating innovation by using dummy variables for individual anti-takeover provisions instead of the CG index in our regressions. Columns (5) to (7) show that classified board, golden parachute and fair price have a more detrimental impact on the positive relation between incentives and innovation. Other provisions are either statistically or economically insignificant. We also repeat our analysis using the median value of the equity-based compensation of the board of directors as an alternative measure for incentives. Columns (8) to (10) show that the board incentives are significantly positively related to innovation, consistent with Chang et al.'s (2015) finding that non-executive stock options spur innovation. Furthermore, the interaction between board incentives and anti-takeover provisions is significantly negative, confirming our earlier findings that anti-takeover provisions dampen the positive effect of incentives on innovation. Thus, our results are not only restricted to the CEO, but the incentives granted to other directors also influence innovation.
The role of competition and innovation pressure
Inspired by Chemmanur and Tian (2017) , we also analyse whether a firm's decision to invest in R&D is affected by its competitive environment. We use the Herfindahl-Hirschman index (HHI) to evaluate the degree of competitiveness in a sector (4-digit SIC). We split our sample into two subgroups based on their sector median HHI. Columns (1) to (4) of Table 7 show that the effect of incentive on innovation is almost exclusive to firms in highly competitive environments (low HHI). The direct effect of protection on innovation is also positive, but only significant for firms in more competitive industries and when R&D expenditure is used as the innovation measure. However, the moderating effect of takeover protection is only significant in the low-HHI subsample, implying that takeover protection encourages managers to shirk even when external competition is high. In Columns (5) to (8), we analyse the effects of incentive and protection in the subsamples of innovation-active and non-innovation-active industries, using the median number of patents acclaimed by an industry as benchmark. We find that the positive effect of CEO incentives on innovation is only significant in innovation-active industries. In industries where This table presents the relations between innovation, incentive and protection in various environments. Columns (1) and (3) present the results for the subsample of industries with low concentration, while Columns (2) and (4) show the results from the subsample of firms in highly concentrated industries. Columns (5) and (7) present the results for the subsample of industries with high innovation activity, while Columns (6) and (8) show the results from the subsample of industries with low innovation activity. Columns (9) and (11) present regression results based on the subsample of companies less than or equal to the 66th percentile in size. Columns (10) and (12) innovation is less important, additional incentives do not spur innovation. Our results also suggest that protection does not have any significant effect in these subsample regressions.
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The relationship between equity-based compensation and innovation may be more pronounced among small firms, possibly because these firms are more likely to become takeover targets. We investigate whether firm size affects the relationships between incentive, protection and innovation. We partition the sample into terciles based on total assets and report the results in Table 7 (Columns (9) to (12)). The results pertaining to small and medium firms are consistent with those reported in Section 5.1. We show that incentive and protection have a positive, but their interaction term has a negative, effect on the R&D expenditure of large firms.
14 Finally, neither incentive nor protection affects the innovation output of large firms.
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Discussion and conclusions
In Manso's (2011) theoretical framework, the keys to motivate innovation are long-term incentives and protection from failure. However, according to agency theory, entrenched managers are more likely to shirk and underinvest in risky and timeconsuming R&D activities. While most studies show that long-term incentives stimulate innovation, existing evidence on the effect of protection on innovation is largely mixed. Some studies show 13 We also investigate whether our main finding is more pronounced among firms in high-technology sectors. However, we do not find significant relations between innovation, incentive and protection in the reduced sample of companies belonging to high-tech groups. Estimation results can be found in Table B of the Internet Appendix. 14 The economic significance of incentive, protection and their interaction term is larger for small and medium firms than larger firms (20.15%, 60.72% and −15.49%, respectively vs. 3.38%, 2.28% and 4.10%, respectively). 15 We also verify this size effect using alternative model specifications. Consistent with the 2SLS results, the fixedeffects regressions suggest that incentive and protection only have significant effects on innovation intensity in the small and medium subsample. Similarly, the Poisson regressions indicate that incentive, protection and their interaction have a significant impact on the number of patents in the small and medium subsample, but only the interaction term is shown to be significant (negative) in the case of large firms. Estimation results can be found in Table C of the Internet Appendix.
that anti-takeover provisions are detrimental to innovation (Atanassov, 2013; O'Connor and Rafferty, 2012) , while others find that takeover protection promotes innovation (Chemmanur and Tian, 2017; Zeng, 2014) . In this paper, we provide the first empirical evidence of the moderating effect of incentives and protection on innovation.
Our analysis reveals a significantly positive association between equity-based compensation and innovation, consistent with the literature suggesting that long-term success incentives motivate innovation (Makri, Lane and Gomez-Mejia, 2006; Manso, 2011; Sanyal and Bulan, 2010) . However, when incentives and protection are considered together, we find that the latter reduces the ability of the former to promote innovation. This implies that takeover protection encourages risk-averse managers with high equity-based compensation to avoid risky innovation in order to reduce the sensitivity of their compensation portfolios to their firms' stock price movements (Carpenter, 2000; Ross, 2004) . Thus, our finding suggests that the discipline of takeover markets is essential for managers who receive high long-term incentives to perform, as intended.
This study also extends the literature by showing that the relationship between takeover protection and innovation depends on the context in which anti-takeover provisions are implemented. Specifically, we find that anti-takeover protections have a positive direct effect and a negative effect when used in conjunction with equity-based compensation. We also show that both these effects are stronger for small firms and in highly competitive environments. The positive effect of protection is stronger in these contexts because protection from opportunistic takeovers is likely to be more important for small firms and firms in highly competitive industries, as these firms are more exposed to takeover threats and expected to invest more in innovation to withstand competitive pressure. Nevertheless, the interactive effect of protection and incentives remains negative and significant even for small firms and firms in highly competitive industries, implying that competition cannot replace takeover threats as a mechanism for reducing managerial shirking. Collectively, our results help explain the mixed evidence documented by existing studies on the innovation effect of anti-takeover amendments (Chemmanur and Tian, 2017; Pugh, 1992) . Finally, given the ambiguity of innovation's contribution to firm value, we propose innovation as a partial mediator of the relationship between incentives and firm value. In this framework, incentive induces managers to maximize shareholders' wealth. Innovation represents one of the effective approaches that managers can take in order to improve firm value. However, not all innovations can create value. For this reason, we focus our analysis on patented innovation outputs, which has the potential to generate competitive advantage.
This study has practical implications for shareholders, managers and policymakers. It explains how incentives and protection should be used to spur innovation. It shows that equity-based incentives are more likely to stimulate innovation when combined with market discipline and that antitakeover provisions can motivate innovation when used alone, but not when used in conjunction with equity-based compensation. Companies should be aware of the costs and benefits of anti-takeover provisions. While these provisions mitigate takeover pressure, their hidden costs of management entrenchment are often overlooked and can have a detrimental effect on innovation and future performance. Furthermore, given the crucial role of innovation in promoting economic growth, our results suggest that policymakers should carefully consider the side-effect of anti-takeover laws on innovation. Limited use of anti-takeover laws helps maintain competition in the market, which in turn delivers better innovation performance overall. Lastly, managers and shareholders need to realize that although R&D investment can be a long and uncertain process, the success of innovation, especially when the outputs are protected by patents, can significantly increase firm value. Thus, managers who are compensated by share-based plans can enhance shareholders' wealth by investing in innovative projects with the potential to generate economic rents.
Our empirical analysis is based on a sample of US listed companies. Since the US market has well-developed regulations and laws, particularly in the area of anti-takeover, our results may not be generalizable to other markets without caution. Future studies in the USA or other countries should consider these factors. Furthermore, the finding that anti-takeover provisions reduce the effectiveness of equity-based compensation in promoting innovation does not necessarily suggest that all failure protection mechanisms are detrimental to innovation. For example, Acharya and Subramanian (2009) show that debtor-friendly bankruptcy laws encourage firm-level innovation and Acharya et al. (2013) find that stringent labour laws restricting the dismissal of employees lead to more innovation. Future research should focus on whether combining long-term incentives with protection mechanisms other than anti-takeover provisions spurs innovation. Finally, there are at least two important limitations with using patent data: (i) not all innovation outputs are patented (Hall, Jaffe and Trajtenberg, 2001);  16 and (ii) data on patents is only available up to 2010. However, despite these limitations, no other widely available measure can better capture corporate innovation (Griliches, 1992 Yang Zhao joined Newcastle University Business School in 2017 following previous full-time academic appointments at Cardiff Business School. His research focuses mainly on the impact of corporate networks on various issues in corporate finance and corporate governance, including executive compensation, mergers and acquisitions, executive turnover and insider trading.
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